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POSTER SESSION 1
1. THE ECOLOGICAL IMPORTANCE OF PERCHED AQUIFERS AND THEIR
HYDROLOGICAL CONNECTIVITY TO RIDGE TOP EPHEMERAL WETLANDS
IN DANIEL BOONE NATIONAL FOREST
Ethan Sweet and Jonathan Malzone
187 Killarney S. Apt #2 Richmond, KY 40475
606-304-9756
ethan_sweet@mymail.eku.edu
Natural ephemeral wetlands situated among the ridgetops in the Daniel Boone National Forest
serve as reservoirs that recharge a shallow groundwater system. Unique interactions between
surface and groundwater in these isolated systems provide substantial support for the native
ecosystem, serving as a breeding ground for amphibians and as source water for vegetation—
especially in periods of drought. Currently, it is not understood how groundwater could provide
regional biodiversity, a drought buffer, or a crucial role in biogeochemical cycling. It was the
goal of this research project to define the seasonal controls of groundwater levels within the
aquifer system. This was accomplished by:
1.

Monitoring groundwater and surface water in a representative wetland in the
Daniel Boone National Forest, Kentucky;

2.

Quantifying the physical properties of the aquifer and groundwater
evapotranspiration rate;

3.

Numerically modeling the groundwater recharge rate required to sustain
groundwater levels by analytic element method.

Monitoring and aquifer tests were conducted in the summer of 2016 and 2017. All data
gathered in the field was introduced into a computer model to simulate the groundwater
processes. The results of our research indicate that groundwater stored within hillslopes acts
as a reserve for the surface water during the winter months and contributes further support for
the ecosystem. In the dynamic transition from winter to summer months, vegetative water use
intensifies during leaf-out (~0.002-0.005 m/d) and eventually overcomes the groundwater
recharge rate (0.0017-0.003 m/d), which can completely desiccate the system. Periodic storm
events inundate the wetland, recharging both the surface and groundwater. These sub-seasonal
storm events maintain groundwater levels for up to 20 days, before vegetation depletes the
stored water.
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2. WATER BUGS AND BACTERIA: CREATING A WATER QUALITY
MONITORING PROGRAM FOR THE WHEELING CREEK WATERSHED IN THE
NORTHERN PANHANDLE OF WEST VIRGINIA
James Wood1, Susan Hendricks2, David White2, Mindy Armstead3
Bill Ford4 & Jimmy Fox5
1

West Liberty University, 208 University Drive, West Liberty, WV, 26074
(304) 336-8884 James.Wood@westliberty.edu
2
Murray State University, Hancock Biological Station, Murray, KY 42071
shendricks@murraystate.edu, dwhite@murraystate.edu
3
Marshall University, Natural Resources and the Environment, Huntington, WV 25755
m.armstead@marshall.edu
4
University of Kentucky, Biosystems and Agricultural Engineering, Lexington, KY 40546
bill.ford@uky.edu
5
University of Kentucky, Dept. of Civil Engineering, Lexington, KY 40546
james.fox@uky.edu
Monitoring water quality with a network of volunteers is increasingly being utilized as a viable
way to collect data and assess water quality issues within municipalities and throughout
watersheds. We propose to establish a long-term data collection plan for the Wheeling Creek
in West Virginia. Wheeling Creek originates in Pennsylvania and flows west into West
Virginia and then into the Ohio River, bisecting the City of Wheeling. Old infrastructure
(storm drains and sewer lines) and a deficiency in water quality data create numerous
difficulties for municipalities wanting to improve water quality within their jurisdiction.
Improvement of water quality is important because recreational use of the river (e.g. kayaking,
fishing, etc.) is increasing and there is an increasing awareness of human pathogens associated
with poor water quality. We intend to establish a weekly-monthly water chemistry data
collection plan and a bi-annual macroinvertebrate sampling program utilizing established
citizen science collection protocols. Undergraduate students will serve as leads in organizing
the weekly/monthly water quality sampling program and the macroinvertebrate sampling in
the spring and fall. Parameters of primary interest include pH, temperature, conductance,
chloride, and dissolved oxygen, as well macroinvertebrate diversity. We also plan to collect
data on E. coli and fecal coliform bacteria concentrations using the IDEXX system because
high levels of E. coli in surface water has human health implications and sources of E. coli can
often be eliminated with improvements or repairs to infrastructure. In addition, we intend to
conduct a series of undergraduate research experiments to assess stream metabolism, nutrient
dynamics, and microbial biofilms in Wheeling Creek and its tributaries. This data is intended
to inform governmental officials, encourage community engagement with local waterways,
and provide undergraduate research opportunities utilizing multiple assessment protocols
including both field and laboratory methods.
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3. USE OF eDNA TO DETECT SALAMANDER SPECIES IN CENTRAL
KENTUCKY STREAMS
Ronald B. Sams, Cierla V. McGuire, Malinda A. Stull, Andrew Nesselroade, Ben F.
Brammell
Department of Science and Health, Asbury University, Wilmore, KY 40390
(859) 858-3511 Ext. 2123
ben.brammell@asbury.edu
Environmental DNA (eDNA) provides an effective, non-invasive method to determine
organism presence or absence in an efficient manner. The majority of salamanders native to
central Kentucky have an aquatic phase to their life cycle. Some Ambystomid species persist
as aquatic larvae for just a few months while other sympatric species spend more than one year
in the juvenile aquatic phase. We developed species specific eDNA primers for streamside
(Ambystoma barbouri) and cave (Eurycea lucifuga) salamanders that effectively amplify
salamander DNA filtered from stream water. We collected 1 liter water samples biweekly
from February to July 2015 in three small streams in Jessamine County to examine season
fluctuation in eDNA levels of different salamander species. Initial data reveal a complete
absence of A. barbouri eDNA in early spring samples but high levels later in the spring
corresponding with breeding and larval presence. RT PCR analysis is in progress in order to
determine quantitative levels of both salamander species DNA at each collection. These data
add to the growing pool of knowledge concerning eDNA monitoring of species and should
provide useful reference data for future monitoring or range delineation studies.
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4. HYDROGEOLOGICAL PROPERTIES OF NATURAL AND CONSTRUCTED
WETLANDS IN KENTUCKY’S DANIEL BOONE NATIONAL FOREST
Selsey A. Stribling and Jonathan M. Malzone.
Dept. Geosciences, Eastern Kentucky University
521 Lancaster Avenue, Richmond, KY 40475
selsey_stribling@mymail.eku.edu
Ephemeral wetlands are seasonally drying pools and are found throughout the Daniel Boone
National Forest (DBNF), including on remote ridgetops. Additionally, over 400 artificial
wetlands have been constructed in DBNF in the past few decades. However, research suggests
that these wetlands do not accurately mimic the properties of natural ephemeral wetlands in
DBNF. Instead of drying seasonally, these artificial wetlands often remain saturated yearround. There is little research comparing the hydrogeological properties of natural, ephemeral
wetlands and artificial wetlands in DBNF. This project attempts to quantify the spatial
variability in physical properties of a natural, ephemeral wetland and compares
hydrogeological properties of three natural and three constructed wetlands in DBNF.
In order to examine variability of physical properties (heterogeneity) at a small scale, 30 PVC
monitoring wells were installed in a natural ridgetop wetland in the spring of 2017. Horizontal
soil heterogeneity and vertical soil heterogeneity were determined through slug tests and basic
water chemistry sampling. Horizontal heterogeneity was found through determining the
hydraulic conductivity (permeability) of the wetland’s soil. To find the soil’s permeability, 33
slug tests were administered and hydraulic conductivity was calculated via the Bouwer-Rice
method. Temperature (°C), dissolved oxygen (DO%), pH, and specific conductance (total
salinity, μS/cm) were measured and mapped with a YSI probe in order to look for preferential
groundwater flow patterns. Vertical heterogeneity was estimated by slowly lowering the YSI
by 5cm intervals in the water columns of six monitoring wells. The slow YSI descent
minimized mixing of the groundwater in each column. Finally, slug tests were conducted and
compared between three natural wetlands and three constructed wetlands.
Our data found a discharge of water emanating from the wetland’s pool which was about 4°C
warmer than the ambient groundwater. This warmer water flowed through a preferential flow
path, and the water was located on the aquifer’s surface. Hydraulic conductivity varies by three
orders of magnitude (0.007 m/d to 7.594 m/d) throughout the natural ridgetop wetland.
Hydraulic conductivity is higher in the area of preferential flow from the wetland pool; in
contrast, permeability is lower in regions which do not exhibit direct discharge from the pool.
Permeability is generally lower in the artificial wetlands. Sediments surrounding the three
artificial wetlands consist of highly compacted clay, which likely prevents groundwater
discharge from the wetland pool. The compacted clay is attributed to permanent saturation of
artificial wetlands.
This summer, we will attempt to restore a constructed wetland in DBNF. To increase
permeability, we will till compacted sediment surrounding the wetland pool so the pool can
leak. With this additional groundwater discharge through a preferential flow path, the artificial
wetland may begin to adopt seasonal drying patterns similar to natural, ephemeral wetlands in
the DBNF.
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5. USE OF eDNA IN MULTIPLE SPECIES FISH BIOMASS DETERMINATIONS IN
SMALL TO MID-SIZED LOTIC SYSTEMS
Ramon A. Guivas, Kyle T. Laufenburger, Ben F. Brammell
Department of Science and Health, Asbury University, Wilmore, KY 40390
(502) 931-7676
ramon.guivas@asbury.edu
Species abundance plays a crucial role in freshwater ecology, specifically in understanding
population dynamics and in biodiversity management. Current methods for estimating fish
species abundance are effective but can be prohibitively time consuming, expensive, and lead
to habitat damage and fish mortality. Environmental DNA (eDNA) shows great promise as a
less invasive, more efficient method of obtaining quantitative data for species abundance.
eDNA is a proven tool for detecting species presence/absence, but its effectiveness at gauging
biomass is still under investigation. In the present study we propose generating population
estimates for smallmouth bass (Micropterus dolomieu), central stoneroller (Campostoma
anomalum), and rainbow darter (Etheostoma caeruleum) in central Kentucky streams using
electrofishing and triple-pass depletion. Population estimates will be made using a modified
version of the Zippin equation. Species specific primers and probes and real-time quantitative
PCR (qPCR) will be used to analyze eDNA collected at each sampling site. The relationship
between eDNA concentration and abundance/biomass will be statistically evaluated in SPSS
using two statistical models: generalized linear models (GLM) and a Type II regression model.
Few studies correlating eDNA and fish biomass in lotic systems exist and these data should
provide valuable insight into the utility of this technique in small to mid-sized lotic systems.
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6. RAINFALL RUNOFF MODEL DEVELOPMENT USING HSPF FOR A FLOOD
CONTROL RESERVOIR SYSTEM TO EXAMINE LONG TERM BENEFITS
C.V.Chandramouli, Mingda Lu, Linji Wang
Mechanical and Civil Engineering Dept., Purdue University Northwest, Hammond, IN 46323
cviswana@pnw.edu
A system of flood control reservoirs was built in 1950s to control floods in the tributaries of
the Ohio River system. These reservoirs also help in maintaining the inland navigation as well
as serve as popular recreational sites. US Army Corps Louisville district maintains these
reservoir systems in Indiana. In this study, Brookeville flood control reservoir located in
Indiana is considered as a case study. This dam was constructed across East Fork tributary
which drains to White River.
HSPF model (Hydrologic Simulation Program Fortran) is popularly used in Total Maximum
Daily Load studies (TMDL). This model facilitates rainfall – runoff modeling of a watershed
system (Kim et al 2007). In addition, it also facilitates in water quality modeling. Creating a
HSPF model for a reservoir system will be a very useful tool to examine the benefits derived
by the reservoir systems. In this work, HSPF modeling was used to develop rainfall runoff
model for the Brookville Dam. Using US EPA BASINS software, watershed delineation and
HSPF model initiation was done initially. With the USGS flow observation stations, HSPF
model was calibrated and validated. Calibrated HSPF model was used to generate the flood
peaks without the reservoir and flood stages were examined to study the benefits of reservoir
system.

References:
1. Kim, S. M., B. L. Benham, K. M. Brannan, R. W. Zeckoski, and J. Doherty (2007),
Comparison of hydrologic calibration of HSPF using automatic and manual methods,
Water Resour. Res., 43, W01402, doi:10.1029/2006WR004883
2. “Brookville Reservoir Whitewater Memorial State Park Interpretive Master plan”,
2011, Indiana DNR Publication, 2011. (https://www.in.gov/dnr/parklake/files/spBrookvilleWhitewater_InterpretivePlan.pdf)
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7. EXAMINING THE USEFULNESS OF SELF ORGANIZING MAPS IN DROUGHT
ANALYSIS
Yuqian Jia, C.V.Chandramouli
Mechanical and Civil Engineering Dept., Purdue University Northwest, Hammond, IN 46323
cviswana@pnw.edu

Self Organizing Maps (SOM) were used successfully in the past to identify outliers in
hydrologic data analysis. Unlike popular artificial neural network training schemes like back
propagation which is supervised learning algorithm, SOM is an unsupervised artificial
intelligence technique in which the datasets given for training were clustered to different
neurons using Euclidian distances. This method is very rapid and can be applied in large
datasets (Kalteh et al 2008). Neurons in SOM can be arranged in different topologies. Data
assigned to different neurons are clusters with similar characteristics. In this study, SOM was
attempted for drought analysis to examine the advantages.
As a case study, Upper Mississippi river basin precipitation gages were considered for SOM
based drought analysis. In total, 68 stations with 60 years of record were used in this work to
create temporal clusters using SOM. Very well-known Standard Precipitation Index (SPI)
based drought classification scheme (McKee et al, 1993) used in US Drought Monitor (Syabola
et al, 2002) was used in conjunction with SOM to examine the data clusters created by SOM.
This research study indicates that the SOM based regional drought classification is very rapid
and very similar to SPI based classification scheme.

References:
3. McKee, T. B., N. J. Doesken, N. J., and Kleist, J. (1993): “The relationship of drought
frequency and duration of time scales”. 8th Conf. on App. Climatology, American
Meteorological Society, Anaheim CA, 179-186.
4. Svaboda, M., LeComte, D., Hayes, M., Heim, R., Gleason, K., Angel, J., Rippey, B.,
Tinker, R., Palecki, M., Stooksbury, D., Miskus, D., and Stephens, S., (2002). “The
Drought Monitor”, Am. Met. Soc., 1181-1190.
5. Kalteh, A., Hjorth, P., Berndtsson, R., 2008, Review of the self-organizing map
(SOM) approach in water resources: Analysis, modeling and application, Elsevier,
23(7), 835-845.
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8. MODELING AND EVALUATING THE INFLUENCES OF CLASS V INJECTION
WELLS ON URBAN KARST HYDROLOGY
James Shelley
812 Old Fort Ave. Apt.4, Bowling Green, KY 42101
606-688-2259
james.shelley261@topper.wku.edu
Dr. Jason Polk
1906 College Heights Blvd., Bowling Green, KY 42101
270-745-5015
jason.polk@wku.edu
Matt Powell
1011 College St., Bowling Green, KY 42101
270-745-5015
matt.powell@bgky.org
The response of a karst aquifer to storm events is often faster and more severe than that of a
non-karst area. Many urban karst areas (UKAs) are plagued by groundwater flooding resulting
from the highly permeable and diffusive aquifers. In UKAs, municipalities often struggle with
flood management, because traditional strategies are ineffective. The City of Bowling Green
(CoBG), Kentucky is a representative example of an area plagued by karst flooding, despite
several decades of research and work done to understand and mitigate the issues. The CoBG,
like many UKAs, uses Class V Injection Wells to reduce the severity of flooding. The overall
effectiveness, siting, and flood impact of Injection Wells in UKA’s are still lacking; their
influence on groundwater quantity and quality are evident from recurring problems of flooding
and groundwater contamination. The purpose of this research to examine Class V Injection
Wells in the CoBG to determine how Injection Well siting, design, and performance influence
urban karst hydrology. The study uses high resolution monitoring, hydrograph recession
analysis, geostatistical techniques, and hydrologic modeling (WMS-GSSHA) to evaluate
Injection Well and spring responses during baseflow conditions and storm events. Through
quantifying the hydrodynamic properties of the karst aquifer and the influences from the
surrounding environment, it is possible to establish a relationship between precipitation events
and the drainage capacity of the Injection Wells and the underlying karst system, as well as
explore possible siting issues contributing to the efficiency of the system.
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9. ISOMOTIVE DIELECTROPHORESIS BASED CHARACTERIZATION OF
CHLAMYDOMONAS CELLS
M.Z. Rashed1, K.C. Grome1, S.P. Hendricks2, S.J. Williams1
1. University of Louisville, Louisville, Kentucky USA
2. Murray State University, Murray, Kentucky USA
200 Sacket Hall, Louisville, KY 40292.
(502) 309-8117
mohamed.rashed@louisville.edu
Phytoplankton growth is a function of light and temperature, buoyancy, inorganic nutrient
availability, interactions with organic compounds, organic micronutrients, and competition and
predation factors [1]. Phytoplankton assemblages in water bodies have been studied
extensively over the past century and are excellent indicators of environmental conditions that
determine water quality. Therefore, understanding the physiological status of live
phytoplankton cells in aquatic environments is important because of their function as primary
producers, their position at the base of aquatic food webs, and their ability to rapidly respond
to environmental change.
Dielectrophoresis (DEP) is the phenomenon in which a particle, such as a living cell, is moved
by the interaction between a non-uniform electric field and its induced polarization. Isomotive
dielectrophoresis (isoDEP) is a cell analysis and characterization technique that uniquely
2
utilizes a constant gradient field-squared (𝛻𝛻𝐸𝐸𝑟𝑟𝑟𝑟𝑟𝑟
) resulting in a uniform DEP force. The
resultant constant (isomotive) particle translational velocity can be tracked using particle
tracking velocimetry (PTIV) software to extract the cell/particle dielectric properties. The
results obtained in this work are expected to significantly enhance the research on
characterization and differentiation of phytoplankton cells and their viability more
inexpensively than other existing methods.
The DEP force of a homogeneous spherical particle is
2
𝐹𝐹𝐷𝐷𝐷𝐷𝐷𝐷 = 2𝜋𝜋𝜀𝜀𝑚𝑚 𝑎𝑎3 𝑅𝑅𝑅𝑅[𝑓𝑓𝐶𝐶𝐶𝐶 ]∇𝐸𝐸𝑟𝑟𝑟𝑟𝑟𝑟
(1)

𝑓𝑓𝐶𝐶𝐶𝐶

∗
𝜀𝜀𝑐𝑐∗ − 𝜀𝜀𝑚𝑚
= ∗
∗
𝜀𝜀𝑐𝑐 + 2𝜀𝜀𝑚𝑚

(2)

∗
where 𝜀𝜀𝑐𝑐∗ , 𝜀𝜀𝑚𝑚
are the complex permittivity of the fluid medium and cell defined as ε*=ε−(σ/ω)
j, a is the particle radius, fCM is the Clausius-Mossotti factor, E is the electric field which gives
information about the cells interior properties and characteristics.

Characteristic analysis for Chlamydomonas cells (diameter:10-15 µm, Ph=8.5, suspended in
pure lake water (σm = 19.3 mS/m) was achieved by using a microfabricated prototype isoDEP
device from a conductive silicon wafer (1-10 Ω-cm) whose patterned features served as
electrodes and microchannel sidewalls simultaneously [2] that are fabricated to follow a
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2
specific curvature inherited from Pohl’s [3] electrode design to ensure a constant (𝛻𝛻𝐸𝐸𝑟𝑟𝑟𝑟𝑟𝑟
).

The AC frequency (stimulus) is swept over a specified range to obtain a comprehensive fCM
spectrum of the Chlamydomonas cells. If Re[fCM] ,which is the real part of fCM function, which
depends on the angular frequency (ω) of the applied voltage. Negative DEP (nDEP) was
noticed where the phytoplankton translates towards the lowest stimulus force point (Fig._1),
force at frequencies below the estimated crossover frequency of 11.6 kHz, and a positive DEP
(pDEP) starting from that frequency, where cells started to increase their translational
velocities outward the high field with increasing the frequency above the later frequency
reaching the MHz range. It’s noted that the cells’ viability can be uncertain after the application
of the AC signal (1000 V/m) for 10-12 minutes [4] based on which requires continuous
inspection of the cells from time to time while conducting the experiment – work is ongoing
to assess the viability of exposed cells.

Figure 1: left) Microscopic Image of phytoplankton translating in radial motion in the
microchannel under the Positive DEP force observed when applying 20 Vpp at 600 kHz. Right)
Negative DEP force observed when applying 34 Vpp at 1 kHz. Arrows indicate the radial
translation towards low/high Electric field points.
CONCLUSION
Recent findings show that isoDEP is a simple, inexpensive technique that performs at higher
throughput compared to other techniques, offering a realtime analysis of the physiological
status of phytoplankton assemblages in situ. Those results will be confirmed using 3DEP
platform from DEPTech Ltd. This information would give important insight into the overall
health of an aquatic ecosystem.
REFERENCES
[1] Kelly, Martyn. "The semiotics of slime: visual representation of phytobenthos as an aid to
understanding ecological status." (2012).
[2] D.J. Allen, R.P. Accolla, and S.J. Williams, “Isomotive dielectrophoresis for parallel
analysis of individual particles,” Electrophoresis, 38, 1441-1449, 2017.
[3] H.A. Pohl, Dielectrophoresis: The Behavior of Neutral Matter in Nonuniform Electric
Fields, Cambridge; New York: Cambridge University Press (1978).
[4] Qian, Cheng et al. “Dielectrophoresis for Bioparticle Manipulation.” Ed. Bing Yan.
International Journal of Molecular Sciences 15.10 (2014): 18281–18309. PMC. Web. 16
Apr. 2017.
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10. ROLE OF CROSS-LINKER CONCENTRATION ON THE PERFORMANCE OF
PH RESPONSIVE MEMBRANE AND ITS APPLICATION ON PCB 126
DEGRADATION
Mohammad Saiful Islam, Sebastián Hernández, Hongyi Wan, Lindell Ormsbee, and Dibakar
Bhattacharyya
Department of Chemical and Materials Engineering, 177 FPAT Building,
University of Kentucky, Lexington, KY 40506,
(859) 537-3761
saiful1948@gmail.com
This study has demonstrated the effects of changing cross-linker concentrations on the mass
gain, water permeability, Pd-Fe nanoparticle (NP) loading, and the rate of degradation of
3,3',4,4',5-pentachlorobiphenyl (PCB 126) of pore functionalized polyvinylidene fluoride
(PVDF) membranes. Results showed that responsive behavior of membrane could be tuned in
terms of water permeability over a range of 270 to 1 L·m-2·hr-1·bar-1, which is a function of
water pH. The NP size on the membrane surface was found in the range of 16~23 nm. With
increasing cross-linker density the percentage of smaller NPs (<10 nm) increases due to smaller
mesh size formation of during in-situ polymerization of membrane. NP loading was found to
vary from 0.21~0.94 mg per cm2 of membrane area depending on the variation of available
carboxyl groups in membrane pore domain. The NPs functionalized membranes were then
tested for use as a platform for the degradation of PCB 126. The observed batch reaction rate
(Kobs) for PCB 126 degradation for per mg of catalyst loading was found 0.08~0.1 hr-1.
Degradation study in convective flow mode shows 98.6% PCB 126 is degraded at a residence
time of 46.2 seconds. The corresponding surface area normalized reaction rate (Ksa) is found
about two times higher than Ksa of batch degradation; suggesting elimination of the effect of
diffusion resistance for degradation of PCB 126 in convective flow mode operation. Finally,
statistical analysis based on experimental results allows us to depict responsive behavior of
functionalized membrane.
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11. THE EFFECT OF APPLIED ELECTRIC POTENTIAL ON THE
PERFORMANCE OF NANOFILTRATION MEMBRANES
Sarah Kintner*, Joyner Eke and Isabel C. Escobar
University of Kentucky, 177 F. Paul Anderson Tower, Lexington, KY 40506
*Presenting Author: Sarah.Kintner@uky.edu
The demand for freshwater is rising alongside global population and urbanization, but the
current freshwater supply is being depleted faster than it can be restored by natural means. It
has been estimated that by 2025, nearly 2 billion people will be living in absolute water
scarcity. Membranes are favored over many other technologies for water treatment because,
in principle, they require no chemical additives, can be used isothermally at low temperatures
and they do not require regeneration of spent media. Membranes that can reject salts, produce
good permeate flux and require minimal cleaning are highly demanded. In this study, we
examine the effect of an applied electric potential on the surface of a polymeric membrane,
sulphonated poly ether ether ketone (SPEEK). The synthesized membranes were characterized
through pore diameter studies, performance was evaluated through water permeability studies
and salt rejection, and the morphology was imaged after each cycle.
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12. POLYPHENOLIC NANOCOMPOSITE MATERIALS FOR THE CAPTURE AND
SENSING OF CHLORINATED ORGANIC CONTAMINANTS IN WATER
SOURCES
Angela M. Gutierrez, Dustin Savage, Shuo Tang, Rishabh Shah, Irfan Ahmed, Thomas D.
Dziubla and J. Zach Hilt
177 F. Paul Anderson Tower, Department of Chemical and Materials Engineering,
University of Kentucky, Lexington, KY 40506-0046
(859) 257-3864
amgu232@g.uky.edu
There is an ever-growing need to provide access to safe drinking water worldwide at low
production and operation costs that can meet EPA quality standards. Current remediation
technologies have failed to maximize pollutant removal without becoming cost-prohibitive. As
a potential low cost remediation technology for water treatment, our group has developed a
magnetic nanocomposite platform that allows for the capture of polychlorinated biphenyls
(PCBs) and related contaminants with a range of affinities and selectivities. This
nanocomposite platform incorporates polyphenols (e.g., plant-derived flavonoids) that offer
high affinity for PCBs and related environmental contaminants and present strategies for
fluorescence-based sensing. In one method, a surface initiated polymerization of poly(ethylene
glycol)-based and polyphenolic-based crosslinkers on the surface of iron oxide magnetic
nanoparticles was utilized to create a core-shell nanocomposite. In another method, a bulk
polymerization method was utilized to create macroscale films composed of iron oxide
nanoparticles incorporated into polyphenolic-based polymer matrices that were ultimately
processed into microparticles. In some materials, N-isopropylacrylamide (NIPAAm) was
incorporated to develop temperature responsive polymers, which transition from a hydrophilic
state to a hydrophobic state with a small change in temperature. Furthermore, we have
synthesized novel polyphenol-based monomers to incorporate into the nanocomposite
platform that can present affinity for specific contaminants. Overall, the produced
nanocomposite materials can specifically bind chlorinated organics, can rapidly separate bound
organics from contaminated water sources using magnetic decantation, and have unique
options for contaminant release and material regeneration. The polyphenol functionalities used
to bind organic pollutants were quercetin multiacrylate (QMA), curcumin multicrylate (CMA),
4, 4’-dihydroxybiphenyl diacrylate (44BDA), 4-phenylphenol monoacrylate (4PPMA) and 2phenylphenol monoacrylate (2PPMA), and these are expected to have affinity for chlorinated
organics. All materials were extensively characterized using methods such as transmission
electron microscopy (TEM), dynamic light scattering (DLS), Fourier transform infrared
spectroscopy (FTIR), and thermal gravimetric analysis (TGA). Pollutant binding studies were
performed using PCB 126 as a model system and chlorinated organic pollutants to determine
binding affinity and capacity, and this was quantified using GC-ECD. It was demonstrated that
the materials effectively bound PCBs, and the addition of the polyphenols provided a greater
affinity.
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13. INVESTIGATION OF A LIGNIN-DERIVED SOLVENT IN POLYMERIC
MEMBRANE FABRICATION
Josh Bolvin, Xiaobo Dong, Dr. Isabel Escobar
177 Anderson Tower (FPAT) Lexington, KY 40511
(270)304-1799
Joshua.Bolvin@uky.edu
Membrane filtration has been at the forefront of water purification for decades. However, one
major drawback to consider is the use of ecotoxic solvents during the synthesis of polymeric
membranes. A contradiction is found in the creation of a product to remove toxic chemicals,
while producing potentially harmful byproducts in its synthesis. A proposed solution is the
introduction of green, eco-friendly solvents to replace commercial, toxic ones. Research was
conducted on gamma-valerolactone (GVL), a promising candidate as a green solvent. GVL
was tested with two polymers: polysulfone (PSF) and cellulose acetate (CA). Using the FloryHuggins thermodynamic model, it was calculated that CA would be more favorable because it
readily dissolves in GVL at room temperature. A ternary diagram was constructed through
cloud point data over concentrations of 1% to 20% CA in GVL. This predicts a two-phase
region to verify the transition to solid phase when immersed in water (the nonsolvent).
Subsequently, experiments were using 17% CA in GVL to monitor membrane properties and
compare them to membranes made using traditional solvents. However, it was found that
without a pore-forming additive, membranes made with GVL did not produce comparable flux
values.
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14. INVESTIGATION OF PHOSPHORENE’S POTENTIAL PROPERTIES IN
MEMBRANE FILTRATION
Joyner Eke* and Isabel C. Escobar
University of Kentucky, 177 F. Paul Anderson Tower, Lexington, KY 40506
*Presenting Author: Joyner.Eke@uky.edu
Phosphorus, which constitutes about 0.1% of the earth crust, is one of the most abundant
elements. It exists as several allotropes which include white, red and black phosphorus.
Phosphorene can be exfoliated from bulk BP in the same way as graphene from bulk graphite.
Phosphorene distinguishes itself from other 2D layered materials by its intrinsic structural
anisotropic features, which gives it some interesting properties. It possesses anisotropic
physical (electronic band structure, electrical transport, thermoelectric) and mechanical
(critical strain, Poisson’s ratio, Young’s modulus) properties, which have not been fully
explored. More interesting is the presence of a natural band gap, which essentially allows the
conducting properties to be switched on and off. Biofouling mitigation is a key concern in the
field of membrane separation. In this study, we explore the unique properties of phosphorene
in developing novel nanocomposite membranes.
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15. INVESTIGATION OF A NEW MIXING METHOD IN THE PREPARATION OF
POLYMERIC SOLUTIONS FOR MEMBRANE FABRICATION
Monica Alden, Xiaobo Dong, Dr. Isabel Escobar
145 Transcript Ave Apt 6
(859) 433-2968
monica.alden@uky.edu
A crucial step in any membrane formation is the creation of the dope solution from the
powdered polymer and solvent. Due to the high viscosity of dope solutions, it can take
between 24 and 72 hours for complete dissolution to occur using conventional mechanical
mixing (i.e., stir plate and stir bar). The objective of this project was to evaluate the use of a
planetary mixer as a viable alternative to mechanical mixing for dissolving high molecular
weight polymers for membrane applications. The mixer is designed to mimic planetary
motion, so it rotates and revolves simultaneously. This study focuses on using the planetary to
mix cellulose acetate (CA) and n-methyl-2-pyrrolidone (NMP) as the polymer and solvent,
respectively. Dope solutions were created both with the traditional stir bar and with the
planetary mixer. Membranes were then cast from the dope solutions using the phase inversion
method. The membranes were tested to determine if there were significant differences between
those created with the conventional stir bar and those created with the planetary mixer. The
membranes' flux, rejection rates, and pore sizes were all compared. Results showed that the
planetary mixer and stir bar membranes had comparable rejection rates, and that the mixer led
to membranes with marginally higher flux values.
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16. WATER QUALITY ANALYSIS IN MUNICIPAL WATER SUPPLY SYSTEM
FOR LEXINGTON, KY, WITH A FOCUS ON CORROSIVITY
Amanda R. Sherman1, Ronald J. Merrick1, Junfeng Zhu2, Alan E. Fryar1, Brian D. Lee3
(1) Department of Earth and Environmental Sciences, University of Kentucky,
(2) Kentucky Geological Survey, University of Kentucky,
(3) Department of Landscape Architecture, University of Kentucky
121 Washington Ave, Lexington, KY 40506
(813) 751-7283
amanda.sherman@uky.edu
The Flint water crisis, caused by the release of lead into the city’s public water supply system
(PWS) due to a source water switch, led many to question the safety of their own drinking
water. In Spring 2016, University of Kentucky students from the hydrogeology class (ESS
585) collected and analyzed eight water samples from their homes. The results were
unexpected. While none of the samples exceeded the EPA’s drinking water MCL for lead (15
µg/L), the sampled water had higher corrosivity than the drinking water in Flint based on the
chloride sulfate mass ratio (CSMR). The average CSMR from these samples was 2.9 whereas
a CSMR of 1.6 was reported for the drinking water in Flint. A CSMR value less than 0.58
implies that corrosion is limited.
Concerned with the observed high corrosivity, we conducted a follow-up study to evaluate
Lexington’s PWS water corrosivity and its seasonal variation. We hypothesize: 1) the high
corrosivity observed in Spring 2016 is resulted from winter road salt application and the low
level of lead in drinking water, despite a high CSMR value, is due to the addition of corrosion
inhibitors; and 2) water quality can change in relation to approximate pipe travel distance and
pipe material.
A GIS ArcMap model was developed to aide in the selection of eleven PWS sampling locations
within New Circle Rd. Based on pipe material, pipe diameter, and pipe distance, the risk for
metals leaching into drinking water was evaluated using the Cost Distance tool in ArcGIS. The
resulting model visually ranked the distribution network showing areas of high (value 5) to
low (value 1) risk for the potential to leach metals from pipes under corrosive conditions. The
11 sample sites were then selected to cover areas with different risks. One additional site was
a source water sample from the Kentucky River collected near the Lexington’s PWS intake.
To assess seasonal variation and possible road salt contributes to corrosivity, the twelve
selected sites were sampled in Spring and Fall 2017. The samples were analyzed for metals
and major ions. At the time of collection, standard water quality parameters (pH, temperature,
DO, specific conductance), as well as, phosphate and silica, were measured. Phosphate and
silica are commonly used corrosion inhibitors. The chemical analysis showed only one sample
exceeded the drinking water MCL for lead and the average CSMR value was 0.184 for Spring
2017, 0.417 for Fall 2017; both were much lower than that observed in spring 2016. The data
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also indicated that the concentrations of dissolved metals increased with pipe distance and were
affected by pipe material. The measured phosphate and silica concentrations suggested that
corrosion inhibitors are used in treating Lexington’s drinking water.
Our study provides a better understanding of tap water quality in Lexington, especially water’s
corrosivity and potential risks. Water corrosivity appears to be low in general, but can increase
significantly during snowy winters with high road salt application. The presence of phosphatebased and silica-based corrosion inhibitors likely lessen the leaching of metals under corrosive
conditions, but risk remains. The increases in metal concentrations with pipe distance and the
influence of pipe material on metal concentrations require the local drinking water agencies
pay close attention to areas with high risk of metal leaching. The ArcGIS model developed in
this study can be helpful in locating potential areas of concern for metals leaching in
Lexington’s water supply distribution system.
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17. AN OPPORTUNITY FOR ENVIRONMENTAL AG EDUCATION: USING GIS
TECHNOLOGY TO COMPARE BEEF CATTLE DENSITY ON WATER QUALITY
PARAMETERS IN TWO BARREN COUNTY, KY STREAMS
Tammy Barnes, MS1, Amanda Gumbert, PhD1 and Brian Lee, PhD2
1. Cooperative Extension Service, University of Kentucky, Lexington, KY,
tammy.barnes@uky.edu, amanda.gumbert@uky.edu
2. Department of Landscape Architecture, University of Kentucky, Lexington, KY,
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A majority of Kentucky’s impaired streams are the result of non-point pollution with the top
causes of water impairment being sediment (31%), pathogens (31%) and nutrients (17%)
(KYDOW). Poor pasture quality from animal over stocking can denude forage thus increasing
stormwater runoff and erosion, resulting in not only excess phosphorus (P) and nitrogen (N)
but enterobacteria such as E. coli (KYDOW) in the receiving waterbodies.
Kentucky is the largest beef cattle producer east of the Mississippi River with the state
inventory being one million brood beef cattle (USDA-NASS). Typical beef cow management
is pastured based, with most of the animals spending a majority of their lifetime on pastureland.
A substantial number of cattle are located in south-central Kentucky with Pulaski and Barren
counties having the greatest populations (USDA-NASS). Barren County has one of the highest
densities in the state with close to 300 head per sq. mile of classified pastureland.
Cooperative Extension works to educate our shareholders on issues that could or do affect KY
communities by using research based information. The producers often do not have the time
nor inclination to research how farming practices affect water quality. Land use practices
influence water quality, and bad water quality negatively affects the farmer’s businesses. Some
beef cattle producers can be very slow to adopt BMPs even though they may be profitable and
promote clean water. One of the biggest challenges for Extension Agents is audience
engagement. The use of GIS technology can enhance the dissemination of research-based
information in a form that is viewable and understood (Bacic et al., 2006).
The first objective is to identify locations for targeting educational efforts concerning water
quality issues related to animal production in Kentucky. Counties with the greatest beef cattle
density were determined via the USDA-NASS. Using ArcMap, the county polygon boundaries
were layered, then data fields were added to determine density of all cattle, dairy cattle and
beef cows per square mile of classified pastureland. This information was utilized in the
selection of Kentucky counties in which to target Agriculture Water Quality and Nutrient
Management Plan Workshops. The second objective is to illustrate land use effects on water
quality in counties with high beef cow density. Caney Fork and Nobob Creek (HUC 14
subwatersheds) in Barren County were selected for geospatial comparison and scenario
modeling in GIS. Caney Fork is reference stream because of its Outstanding State Resource
Waters (KYDOW) while Nobob Creek is a stream of interest because its headwaters have land
use management problems such as cattle overstocking, poor pasture management, and cows in
the creek.
56 | P o s t e r S e s s i o n 1

When evaluating potential beef cow production impacts on water quality, several variables
need to be considered. Concentrating pasture-raised cattle on rolling land, not unlike some of
Kentucky’s high beef producing counties, can increase the runoff sediment and manure amount
especially in poor pasture conditions. Increasing forage cover should decrease the amount of
surface P and sediment runoff to a point. Topography and soil type also influences stream P
load and sedimentation. If topography is very steep, forage cover may not have enough of a
mitigating impact on resulting water quality, for example. Incorporating GIS technology into
characterizing potential nutrient and sediment runoff can be a valuable tool when nutrient
management planning, suggesting a particular Best Management Practice (BMP), or
calculating the cost/benefit ratio. This poster is a starting point for exploring how to
strategically incorporate GIS technology into nutrient management planning and UK Ag
Cooperative Extension environmental educational opportunities to Kentucky beef cattle
farmers. Specifically, producing a visual illustration that predicts how changes (if needed) in
grazing management on a shareholder’s land can influence water quality in the watershed.
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WITH NEW SELECTIVE GROWTH MEDIA
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The rapid adaptation of antibiotic resistant bacteria to selective pressures is producing new
strains of potent human pathogens. These adaptations occur by the exchange of genetic
information (DNA) across bacterial species in packets known as mobile genetic elements
(MGEs). MGEs can increase bacterial virulence, multiply antibiotic resistance, and add
information that lead to the formation of biofilms and other factors that enhance environmental
resilience. Therefore, bacteria with adaptive MGEs persist longer in the environment, and
spread further outside their normal niches, leading to increase outbreaks of endemic disease
across different parts of the world. Engineered systems like WWTPs have been reported as a
potential reservoirs of pathogenic bacteria, and potential adaptive hotspots where bacteria
evolve their virulence in the presence of multiple antimicrobial and heavy metal resistance
genes, MGEs, and the bacteriophage vectors. Staphylococcus aureus (SA) adapts readily to
selective pressures and evolves to methicillin resistance Staphylococcus aureus (MRSA)
which causes hospital infections because of hospital acquired MRSA (HA-MRSA) and
community infections referred to community acquired MRSA (CA-MRSA). It is important to
understand the role that WWTPs play in the fate and transport of SA. Environmental
persistence of SA has been reported in recreational marine waters, beach sands, river outlets,
and sewage treatment plants, and the presence of MRSA has been recorded in the wastewater
influent and sludge. However, MRSA presence in these environmental niches may be
overestimated due to the presence of methicillin- resistant Staphylococcus epidermidis
(MRSE) and its co-growth with SA. The concentration of MRSE is much higher than MRSA
in sewage as Staphylococcus epidermidis (SE) shares the mecA gene and resultant penicillin
binding protein with MRSA. It is thought that MRSE provided the MGEs that created the first
MRSA. Methods that rely heavily upon either the presence of the mecA gene, or the expressed
protein, can result in false positive-MRSA when SE co-growth is not suppressed.
In this study, the presence and the fate of MRSA were investigated in three different sections
of two local WWTPs, Town Branch (TB) and West Hickman (WH) WWTPs, in Lexington,
Kentucky. Samples were taken from influent, effluent of final sedimentation tank and final
treated sewage effluent. These two WWTPs are similar in flow rate and types of processes;
however, they collect different types of sewage from their sewer-sheds. TB plant collects
wastewater from urban areas including several hospitals and high density housings (Prison,
nursing homes, hotels, etc.) in addition to wastes from metal plating from industrial processes,
while WH’s influent primarily contains sewage from suburban neighborhoods with singlefamily dwellings. In this study, a new selective enrichment media was developed to suppress
the growth of SE and allow for selective growth of SA from sewage samples. In this new
developed media, acriflavine was added to mannitol salt broth (MSB) and agar to suppress the
growth of SE, and allow selective growth enrichment of SA from complex wastewater samples,
resulting in the ability to produce a clean, isolated colony of MRSA, with no SE bacteria or
genes. About 200 ml grab samples were centrifuged at an appropriate speed and duration to
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sediment bacteria out of the samples. Then, the resulting pellet was enriched with the addition
of an equal volume of 2X acriflavine, polymixin B and potassium tellurite augmented MSB.
Polymyxin B was applied to reduce the growth of gram negative bacteria in wastewater
samples. Potassium tellurite was added to the MSB to enhance SA respiration, and provide a
visual signal (black precipitant) for easier discrimination of samples positive for presumptive
Staphylococcus. The mixture was kept in incubator at 37°C for 48 hours, then vortexed prior
to centrifugation. The resultant pellet was spread onto mannitol salt agar (MSA) augmented
with acriflavine and incubated for 48 hours at 37°C. Yellow colonies with SA characteristics
were counted and either 10 colonies, or up to 10% of colonies, were streaked onto new
acriflavine augmented MSA-filled petri dishes to create single colony clone isolates. To
confirm a single isolate as a presumptive SA, multiple isolates from the streak plate were tested
with the coagulase tube test (SA (+), SE (-)). To further identify a coagulase positive,
presumptive SA isolate as a MRSA colony, ELISA testing was conducted on another clone
from the same streak plate for the presence of the Penicillin- Binding Protein 2 (PBP2). Positive
results from the ELISA test identified the colony isolates as MRSA colonies; non- positives
were identified as MSSA.
For four sampling events, 537 colonies have displayed the characteristic growth of SA (yellow
colonies on acriflavine-augmented MSA and coagulase positive). From all SA colonies, 68 of
them were classified MRSA based on the presence of the penicillin-binding protein. The
presence of MRSA was identified in both TB and WH influents and persisted through the WH
sedimentation tank. Table 1 summarizes all results related to four sampling events. Totally, 68
MRSA colonies were confirmed at the end. However, the relative ratio of MRSA colonies to
MSSA was different between the WWTPs, with the suburban WH plant having a higher ratio,
or more MRSA per MSSA. After identification of MSSA and MRSA isolates, a colony from
the MRSA identified streak plates was re-grown in augmented MSB and frozen. Then, a subset
of 18 of these MRSA isolate regrowths were selected for DNA extraction and genome
evaluation by qPCR to confirm that there was no co-growth of SE in the new growth media
and agar augmented by acriflavine. For the selected isolates, 50μl of the DNA extraction was
checked for sufficient DNA and RNA content by NanoDrop, and then the extracts were
shipped to the Genomic Research Lab of the Division of Infectious Diseases in the University
of Geneva Hospitals in Switzerland, led by Dr. Francois Patrice for genetic analysis by PCR
for a SE specific sequence he discovered. All 18 of the selected isolates were negative for SE
genetic material, we have confirmed that our method allows for the enriched growth of SA
with suppression of any genetic signals that may originate from SE.
Table 1: all collected colonies from four sampling events
Town Branch
West Hickman
4 Sampling events

Total

Sedimentation
Sedimentation
Influent
Influent
tank
tank
Colonies

MSSA

211

26

210

22

469

MRSA [Coagulase (+) &
ELISA (+)]

14

0

49

5

68

0.07

0

0.23

0.23

MRSA/MSSA ratio
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